Abstract. The relation among radar reflectivity factor of sand and dust storms, visibility and the parameters of particle size is proposed for the exponential size distribution. According to the nominal radar parameters at 35GHz, expressions of the equivalent scattering cross section and echo power are derived in terms of radar range and radar reflectivity factor. The equivalent scattering cross section and echo power are calculated and discussed.
Introduction
The theory of microwave propagation in sand and dust storms has received much attention in the literature owing to the importance of Radio Relay, Satellite Communication, Radar Target Recognition and Remote Sensing [1] .
People noticed the effects of sand and dust particles on electromagnetic signals long time ago. Attenuation and cross polarization from dust storms have been investigated by a number of investigators [2, 3, 4, 5, 6, 7] . As reported by the review of Bashir and McEwan [2] : In 1941, Ryde and his companions analyzed the effects of a sandstorm on radar albedo and pointed out that when the frequency was not more than 30GHz, the sandstorm with a low concentration had no influence on the radar signal. Generally, various particles such as dust, rain, fog, or snow suspended in atmosphere have significant effects on radar wave. The echo clutter is important in meteorological research, weather prediction and remote sensing. Goldhirsh [8, 9] investigated the backscatter and clutter properties of the dusty medium, i.e., air with suspended soil particles. Yin [10] derived the relation of radar reflectivity factor with height in dust storms. The clutter and backscatter cross-section of dust storms at x-band have been studied by Sharif [11] .
In this paper, the relation of radar reflectivity factor with dust visibility and the parameters of sand particle size are derived for the exponential size distribution. At 35GHz, expressions of the equivalent scattering cross section and echo power are derived in terms of radar range and radar reflectivity factor. The effects of visibility and radar range on the backscattering properties are presented.
Radar Reflectivity Factor of Sand and Dust Storms
It may be demonstrated that the radar reflectivity (radar cross section per unit volume) for a distributed target is given by [9]     ' "2 5
where,  is the complex relative permittivity of the particles given by
 is the real part, "  is the imaginary part.
The reflectivity factor Z can be expressed as [8, 11, 12] .
where   
With a mean value 1 a   , a is the particle radius. The number of particles per unit volume can be expressed by 
where b V is the visibility in kilometers.
Equivalent Backscattering Cross Section and Echo Power
The power received at a pulsed radar from distributed targets such as raindrops is similar to that received from dust as suggested by Goldhirsh [8, 9] . We have omitted the attenuation factor so as to arrive at upper limits of echo power. Using Eq.1, we obtain the resultant backscatter power from dust expressed by
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We here examine the echo power, P r , given by Eq. 6, and the corresponding equivalent point backscattering cross section levels e  given by Eq. 7 for nominal radar parameters at 35GHz. As typical examples for existing radars, the parameters for nominal radar at 35GHz are given by the literature [10] .
Substituting the nominal radar parameters at 35GHz into Eq. 6 and Eq. 7, we obtained the equivalent scattering cross section and echo power 
Conclusion
This paper discusses radar backscattering characteristics of dust storms, and the model of radar reflectivity factor shows that the parameters of particle distribution and visibility have an important effect on radar reflectivity factor. At 35GHz, expressions of the equivalent scattering cross section and echo power are developed in storms in terms of radar range and radar reflectivity factor. The results of the calculation show the equivalent scattering cross section increases with the increase of the radar range, whereas the echo power decreases with radar range. And the equivalent scattering cross section and echo power decreases with the increase of visibility.
